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Abstract 
In this paper a Model Predictive Control (MPC) logic, based on weather forecasts, has been applied to the 
analysis of power management in a domestic off-grid system composed by: Photovoltaic panel (PV), Fuel 
Cells (FC) and a battery pack. The controller has the simultaneous objectives of maintaining 
environmental comfort in the house and minimizing costs, thus optimizing the use of primary energy 
sources. A theoretical model of the system has been developed and simulations have been carried out for 
winter and summer seasons. MPC performances have been evaluated in comparison with a standard 
Ruled Based Control (RBC) logic. 
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1. Introduction 
Several studies have been done to improve microgrid performances with rather traditional methods [1-
3]. Recently, control strategies based on the use of the Model Predictive Control concept [4-11] have 
appeared. The use of MPC has been demonstrated to limit peak power requirement and overall energy 
costs by optimizing the exploitation of all available sources [5,7,10,12-15]. Moreover, MPC has been 
proved to give excellent results meeting severe requirements of thermal comfort in buildings. The 
objective of this paper is to apply the MPC concept to control at the same time, i.e. in an integrated 
fashion, both thermal comfort and energy conversion. The purpose is to identify optimal solution in terms 
of both comfort and efficiency.  
  
© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
 G. Bruni et al. /  Energy Procedia  61 ( 2014 )  1012 – 1016 1013
1.1. Case study, MPC and RBC 
The case study consists of a house powered by a stand-alone microgrid. A thermal model of the house 
has been used to have a linear time invariant system, which has been implemented into Matlab allowing 
for the simulation of the house thermal behavior under any given control algorithm. The model has been 
validated by direct comparison with the well assessed EnergyPlus software [16]. The MPC logic has been 
applied to manage the system and Rule Based Control (RBC) [1] has been used as benchmark. RBC is a 
widespread control algorithm. It follows the rule: "if condition, then action” and decisions are taken 
according to instantaneous measurements of the system state, control inputs are triggered if threshold 
values are violated. It is well represented by the normal operation of a thermostat. MPC is instead a novel 
control method well suited for solving constrained control problems by means of optimization algorithms 
[11-13]. On the contrary of RBC, this control method is based on the representation of the system via a 
dynamic model. Control actions, such as Fuel Cell (FC) operation and cooling/heating power, are decided 
by means of an optimization routine that takes in account both the current system state and predictions of 
future events, such as weather forecasts, for a finite time-horizon. Its main capability is to prevent less 
favorable future conditions by an accurate prior tuning of control inputs [4-11]. 
2. MPC performance evaluation 
The MPC optimization algorithm here proposed has been tuned to have house thermal comfort and 
environmental objectives: reduction of hydrogen consumption and maximization of power converted 
from renewables. MPC performance has been evaluated and compared to RBC in terms of FC Produced 
Energy (FCPE), proportional to hydrogen consumption, and number of Comfort Violations (CV), 
representing the time interval when temperature exceeds the imposed comfort limits [12]. MPC and RBC 
have then been compared in terms of micro-grid operating costs computed by following formulas: 
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where CFC is fuel cell capital cost, nFC is the number of fuel cells, hlife,FC is the fuel cell number of life 
hours, ڦFC is fuel cell performance, Eprod,FC is the total energy produced by fuel cells, HiH2 is hydrogen 
lower heating value, CH2 is hydrogen cost per unit mass, twork is the fuel cell operating time, nstart is fuel 
cell number of start/stop and k is a coefficient converting the number of start/stop into operating hours 
according to [17]. It must be pointed out that the cost index does not assess directly the controller quality. 
In fact it depends on variable costs related to the fuel cell use, especially of hydrogen consumption and 
number of start/stop affecting the hardware ageing. Due to its discrete nature this parameter cannot be 
easily represented into the functional to be minimized, as instead happens for the number of comfort 
violations and produced energy, in the functional to be minimized by the MPC algorithm. 
3. Analysis of results 
The system has been designed to operate with the RBC control logic: the HVAC is an air conditioning 
unit with a 6 kWt heat pump. The maximum output electric power of the fuel cell is 1.2 kW, and the 
system is also equipped with a 5 kWp photovoltaic module. Battery capacity is equal to 35 kWh, by also 
setting the maximum Depth of Discharge (DoD) equal to 50% to have an optimal compromise between 
operating and capital costs. The control logic has been simulated for the entire month of January and July 
with weather data taken from the EnergyPlus database and related to Rome, Italy. 
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3.1. Winter case 
Fig. 1. (a) comparison of control logics, winter case; (b) internal temperature trend, winter simulation. 
Fig. 2. (a) battery state of charge, winter simulation; (b) fuel cell power, winter simulation. 
In Figs 1 and 2 the weekly trends of house average temperature, battery state of charge and power 
supplied by the fuel cell are provided. By using the MPC strategy, both house temperature and power 
produced by fuel cell have a much smoother profile, and peaks are reduced while having better comfort 
conditions and lower costs. During this simulation HVAC and FC are used respectively only for their 
50% and 85% of their maximum power. It can imply a likely downsizing of the system. 
3.2. Summer Case 
Although MPC performs better in terms of comfort violations and FC produced energy, in the summer 
case the economic optimal solution has been obtained with the RBC (figure 4.a). In figure 4(b) RBC and 
MPC are however compared by varying the FC power size (down to 0.5 kW), by means of comfort 
violations. MPC gives considerably better results, however not achievable by the RBC. Capital costs have 
also a considerable benefit by downsizing the FC and adopting the MPC at the same time. House 
temperature and battery state of charge are finally given in Fig. 4. It can be observed how, similarly to the 
winter case, the adoption of MPC limits peaks and oscillations. This can be translated into the need for 
lower cooling power and energy. The storage system is finally also benefited as its SOC smoother profile 
allows for more accurate management toward higher lifetime. 
Fig. 3. (a) internal temperature trend, summer simulation; (b) battery state of charge, summer simulation 
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Fig. 4. (a) comparison of control logics, summer case; (b) comparison between RBC and MPC by varying fuel cell power output 
4. Conclusions 
In this paper a Model Predictive Control strategy has been applied to the management of a domestic 
microgrid. The advantages of MPC based control strategies simultaneously applied to the control of 
energy sources and comfort conditions lie in preventing future comfort violations, battery overcharge and 
discharge, through careful load modulation and a better deployment of thermal end electric inertia of the 
system. The fuel cell power output is thus much smoother, as well as temperature trend. Power peaks are 
furthermore blunted allowing for component downsizing giving evident economic advantages up to 15% 
in winter and around 33% in the summer.  
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